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Abstract 
Motorway merges are typically congestion areas because of irregularities on lanes between upstream and downstream directions. 
At motorway merges, it is obvious that when the upstream and/or on-ramp flow is greater than the downstream (bottleneck) 
capacity, congestion arises. Therefore, queue will form and grow in relation with the demand and bottleneck capacity. The aim of 
this paper is to analyze the effect of mainstream and on-ramp flows on the congestion phenomena. As there is no ramp-metering 
application in Istanbul, on-ramp flow has an excessive effect on the congestion. In this study, macroscopic merge behavior is 
analyzed at one crucial motorway merge in Istanbul. Traffic data is obtained by Remote Traffic Microwave Sensors (RTMS) 
operated by the Municipality of Istanbul. RTMS data consists of volume, speed, occupancy and heavy vehicle counts per lane 
while minimum data collection interval is 2 minutes. Examined motorway merge section, main stream and on-ramp flows are 
observed by separate RTMS. Whole year weekday data of 2012 is used for analysis. It is seen that mainstream flow rate changes 
from 3360 pcph to 6210 pcph before congestion depends on the on-ramp flow rate that varies from 1755 pcph to 3060 pcph. In 
addition, on-ramp ratio is found between 0.23 and 0.43 which cause congestion on this motorway merge. 
© 2014 The Authors. Published by Elsevier B. V. 
Selection and peer-review under responsibility of the Scientific Committee of EWGT2014. 
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1. Introduction 
Motorway merges are the major locations of congestion because of weaving or merging behavior in relatively 
short distances. Besides, irregularities on lanes between the upstream and the downstream end up with congestion. 
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Associated with bottleneck capacity, congestion inevitably arise at these locations. Either upstream or on-ramp flows 
reach a certain value, speeds are reduced on both flows which affects downstream capacity. Hence, queue will form 
and grows in relation with the demand.  
This paper aims to analyze the relation between mainstream and on-ramp flows which causes the congestion 
phenomena considering macroscopic merging behavior. As there is no ramp-metering application in Istanbul, on-
ramp flow has an excessive effect on congestion. 
Several studies on motorway merge bottlenecks are performed in the literature. Analysis rely on the relation 
between upstream flows and the decrease on discharge flow which is observed in downstream. One of the simplest 
model proposed for merging behavior by Daganzo (1995) is Cell Transmission Model (CTM). CTM offers a 
macroscopic simulation based on traffic flow model to propagate the traffic along the cells and cells connectors. It is 
proved that CTM is computationally efficient and easy to analyze many crucial traffic phenomena, such as queue 
build-up and dissipation, and backward propagation of congestion waves. Further studies are conducted for ramp-
metering control strategies (Papageorgiou and Blosseville, 1989) and analytically estimating of capacity drop with 
merging flows (Leclercq et. al. 2011). Analytical model for predicting capacity drop at merge bottleneck with 
respect to the on-ramp demand is offered by Leclercq et. al. (2011) and it is found the merge ratio does not affect the 
capacity drop when the main road has only one lane.  
It is common that for the recovery of “dropped capacity” on a motorway merge bottleneck, ramp-metering has 
significant effect. Capacity drop is encountered just before occupancies increase to 27% and average occupancies of 
27% and 22% can be thresholds for the initiating restrictive and relaxed metering respectively as mentioned by 
Cassidy and Rudjanakanoknad (2005). Kinematic wave models are used for motorway merge bottlenecks in order to 
identify congestion, traffic management strategies and route guidance for drivers (Newell, 1993; Ni and Leonard II, 
2005). Bertini and Leal (2005) indicate that drop in flow observed at the same time with drop on speeds and increase 
in occupancies. It is found that higher flows prior to the queue formation were sustained for relatively short periods.  
Certainly, downstream flow and queue formation are directly affected by upstream flow. If the demand exceeds 
the bottleneck capacity, congestion occurs, speeds decrease and queue will form. In the presence of ramp-metering, 
the effect of on ramp flow to the formation of congestion is minor. On the other hand, when there is no ramp-
metering, the on-ramp ratio plays remarkable role on congestion phenomena. On-ramp ratio can be explained as the 
percentage of on-ramp flow rate to the total upstream, on-ramp and mainstream, flow rate. In order to clarify 
merging behavior, interaction between upstream flows require attention and have to be considered in analyses. This 
ratio is mostly depends on the merge design as mentioned by Bar-Gera and Ahn, (2010). In our study, relation 
between on-ramp ratio and downstream volume is investigated, then effects of on-ramp flow to the capacity of 
downstream is explained. 
2. The Data 
Traffic data is obtained by Remote Traffic Microwave Sensors (RTMS) operated by the Municipality of Istanbul. 
RTMS data consist of volume, speed, occupancy and heavy vehicle counts per lane and data collection interval is 2 
minutes. A whole year data of 2012 obtained from 2 RTMS (#409 and #565) located on Trans-European Motorway 
(TEM) at one lane dropped motorway merge, given in Fig 1, are used in this study.  
On the merge area, the mainstream has 3 lanes, on-ramp has 2 lanes, and downstream has 4 lanes. This type of 
merging section is defined as one lane dropped merge (HCM, 2010). Upstream flows, on-ramp and mainstream, 
have 5 lanes while downstream has 4 lanes that create bottleneck and cause congestion. TEM is one of the main 
arterial in İstanbul that connects Asia Europe sides with a quite high traffic demand. This road is used by intercity 
and urban traffic. However, in peak hours (06:30-10:30 and 16:00-22:00) trucks and trailers are not allowed on 
TEM in order to reduce traffic demand. Only busses are allowed as a heavy vehicle during these time intervals. 
Ratio of heavy vehicles is calculated as 5.8 % for peak hours. In the analyses, heavy vehicles are converted to 
passenger car unit (PCU) by using 1.5 coefficient as suggested by HCM (2010).  
Data filtering is applied to traffic data in the case of accident, public holidays or heavy weather conditions which 
will affect the normal operating conditions. Capacity pattern are only encountered in weekdays since weekends have 
lower traffic flows and lack of congestion. Moreover, by deciding the congestion, speed drops which can occur by 
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downstream queue spillbacks is distinguished and eliminated. After data filtering, 384 congestions are obtained in 
order to use in the analyses. 
 
Fig. 1. One lane dropped motorway merge and RTMS locations. 
The analyzed motorway merge, capacity speed is identified as 60 km/h by using flow rate-speed scattered 
diagram. When the speed is below the capacity speed, the traffic condition is assumed as congested while above it is 
uncongested. Speed drop pattern is not constant every day. In some days, speed drop is observed once a day, in the 
other days, it is observed more than once, up to four times. Fig 2 shows specific speed variation character for RTMS 
#409 on February 17, 2012 Friday. For an observation to be considered as initial speed drop, the speed had to 
decrease below the capacity speed and had to last at least 15 minutes. 
Four speed drops observed for this day as indicated by numbers 1 to 4. In all four cases, speed is dropped under 
the capacity speed which is 60 km/h. First three speed drops are evaluated as congestion due to the duration of speed 
drops remained more than 15 minutes. As the duration of the 4th speed drop is less than 15 min, it is not involved to 
our study. This speed drop could be formed either slow moving vehicle or an instantaneous slowing a group of 
vehicles. In order to determine the congestion, time series plots of speeds and re-scaled cumulative flow rates were 
examined every day on mainstream flow.  
Fig. 2. Speed variations for RTMS #409 on February 17, 2012. 
The capacity is defined as the flow rate just before the congestion occurs. As the speed at the beginning of 
congestion is less than capacity speed 60 km/h, just before the congestion the speed of the flow is always bigger or 
equal to 60 km/h. On the other hand, only speed drop is not used to define congestion. Reduction on the flow rate is 
similarly observed by using re-scaled cumulative flow rate diagram to decide congestion. For all congestions (384 
congestions), it is observed that the speed dropped at the same time on the main stream and on-ramp.  
Figure 3 shows re-scaled cumulative volumes with flow speed for morning peak period at 05 January 2012 for 
mainstream flow (RTMS #409). Decreases on flow can be identified by decreases in the slopes of the re-scaled 
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cumulative volume plots (Öğüt and Banks, 2005). Accordingly, in Fig 3, the speed dropped after 07:02:00 under the 
capacity speed. At the same time, the slope change on the re-scaled cumulative curve can be observed. As a result, 
this speed drop is taken as a congestion. As the speed drop is observed at the same time on the on-ramp, the flow 
rate just before the congestion is taken as the capacity of on-ramp. For this time interval (07:02:00), the volumes on 
the mainstream and on-ramp are recorded. However, the capacity of mainstream and on-ramp must not be evaluated 
separately. The sum of these two flows can be accepted as the capacity of downstream.  
 
 
Fig. 3. Rescaled cumulative volumes and speed variations for RTMS #409. 
3. Data Analysis 
In order to analyze the effect of on-ramp flow on the capacity of motorway merging section, the relationship 
between downstream flow rate and the on-ramp ratio is examined. Just before congestion, which is defined as 
previously. Downstream flow rate is calculated as the sum of on-ramp and mainstream flows. The scatter diagram of 
downstream flow rate versus on-ramp ratio is given in Fig 4. 
Even though the relation between two variable is quite spread, on-ramp ratio and downstream flow rate are found 
inversely proportional. The increase of on-ramp ratio cause to a reduction of downstream flow rate. 
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Fig. 4. Downstream flow rate versus on-ramp ratio on capacity level. 
The simple linear regression equation of the relation given in Fig 4 is: 
7904.65 9757.05DFR ORR  u          (1) 
Where DFR is downstream flow rate and ORR is on-ramp ratio. Pearson correlation coefficient is calculated as 
0.5 that shows a moderate relationship between on-ramp ratio and downstream flow rate. Congestion is a complex 
phenomenon on the merge sections. As driver’s behaviors play an important role especially in the case of high flow 
rates near capacity values, the investigation of driver’s behaviors, microscopic analysis could be applied. However 
this type of analysis requires a quite long data collection procedure. Due to this complexity, the developed model 
between on-ramp ratio and downstream flow rate is not strong enough. Moreover, the passenger car unit equivalent 
is assumed as a single value, a heavy vehicle is equal to 1.5 passenger car, due to lack of detailed data. This 
assumption can correspondingly cause to a decrease on the strength of the regression model. In addition, the illegal 
shoulder usage on the motorways especially on the merging section, which is moderately common in İstanbul, 
hardens to develop a powerful model on the motorways merging sections especially by using macroscopic data. 
The on-ramp, a two lane highway, flow rates that cause to a congestion on the mainstream vary from 1755 pcph 
to 3060 pcph. Just before the congestion, the flow rates of the mainstream, a three lane motorway, vary from 3360 
pcph to 6210 pcph. Speed drop on the mainstream never observed when the flow rate of the on-ramp is less than 
1755 pcph. In addition, there is not any observation above than 3060 pcph for on-ramp causing speed drop on 
mainstream since this could be explained by capacity limit of bottleneck. 
The model outputs, downstream flow rates, of the regression model are given in Table 1 according to the 
increasing values of on-ramp ratio. The minimum and maximum values of ORR are obtained from the data set. On-
ramp and mainstream flow rates are calculated in by using on-ramp ratios. Note that, on-ramp has 2 lanes and 
mainstream has 3 lanes. From Table 1, it can be seen that the increase of on-ramp ratio causes to a decrease on the 
mainstream flow rate. 
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Table 1. Change of flow rates according to on-ramp ratios. 
On-Ramp Ratio Downstream Flow Rate 
(pc/h/4lane) 
On-Ramp Flow Rate 
(pc/h/2lane) 
Main Stream Flow Rate 
(pc/h/3lane) 
0.23 7939 1826 6113 
0.24 7860 1886 5974 
0.25 7781 1945 5836 
0.26 7702 2002 5699 
0.27 7623 2058 5565 
0.28 7544 2112 5431 
0.29 7465 2165 5300 
0.30 7386 2216 5170 
0.31 7307 2265 5042 
0.32 7228 2313 4915 
0.33 7149 2359 4790 
0.34 7069 2404 4666 
0.35 6990 2447 4544 
0.36 6911 2488 4423 
0.37 6832 2528 4304 
0.38 6753 2566 4187 
0.39 6674 2603 4071 
0.40 6595 2638 3957 
0.41 6516 2672 3845 
0.42 6437 2704 3734 
0.43 6358 2734 3624 
 
Effects of on-ramp volume for congestion phenomena and decrease in capacity could be better observed by 
expressing all flow rates per lane which are given in Table 2.   
Table 2. Change of flow rates according to on-ramp ratios (per lane). 
 
 
 
 
 
 
 
 
 
 
For the lowest observed value of on-ramp ratio which is 0.23, mainstream, especially downstream flow rates, are 
at their maximum values such as 2038 pcphpl and 1985 pcphpl respectively. On the contrary, with the increase in 
on-ramp flow rate, reduction in both downstream and mainstream flow rates can be observed. When the on-ramp 
flow rate increase 50 % from 913 pcphpl to 1367 pcphpl, downstream flow rate decrease from 1985 pcphpl to 1590 
pcphpl. 
On-Ramp Ratio Downstream Flow Rate 
(pc/h/1lane) 
On-Ramp Flow Rate 
(pc/h/1lane) 
Main Stream Flow Rate 
(pc/h/1lane) 
0.23 1985 913 2038 
0.24 1965 943 1991 
0.25 1945 973 1945 
0.26 1925 1001 1900 
0.27 1906 1029 1855 
0.28 1886 1056 1810 
0.29 1866 1082 1767 
0.30 1846 1108 1723 
0.31 1827 1133 1681 
0.32 1807 1156 1638 
0.33 1787 1180 1597 
0.34 1767 1202 1555 
0.35 1748 1223 1515 
0.36 1728 1244 1474 
0.37 1708 1264 1435 
0.38 1688 1283 1396 
0.39 1669 1301 1357 
0.40 1649 1319 1319 
0.41 1629 1336 1282 
0.42 1609 1352 1245 
0.43 1590 1367 1208 
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4. Conclusion 
This study aimed to determine the interaction of mainstream and on-ramp flow for the congestion phenomena on 
one lane dropped selected motorway merge. After filtering the available traffic data, 384 congestion cases are used 
as data set. The scatter plot of downstream flow rate versus on-ramp ratio indicates the existence of inverse 
relationship between them. Regression model is estimated according to on-ramp ratio (ORR) as independent 
variable and downstream flow rate (DFR) as dependent variable. Pearson correlation coefficient is calculated as 0.5 
that shows a moderate relationship between on-ramp ratio and downstream flow rate. Maximum and minimum 
flows that cause to a congestion are estimated for mainstream and on-ramp by using regression model for observed 
values of on-ramp ratios. The range of flow rates for downstream is found between the 6358 pcph – 7939 pcph when 
the congestion arises at motorway merge. This study shows that in the case of no ramp-metering, the uncontrolled 
on-ramp flows reduce the capacity of downstream. 
On the other types of merge, the effect of on-ramp ratio to the congestion will obviously be different and must be 
investigated on the further studies. 
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